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we	partially	 replicated	Rothstein’s	 (1982)	experiments	using	parallel	 artificial	model	








tion	 is	 not	 specifically	 tuned	 toward	 rejection	 of	 brown-	headed	 cowbird	 eggs,	 we	
argue	that	our	results	and	those	of	other	recent	studies	of	robin	egg	rejection	suggest	
a	discrimination	bias	toward	rejection	of	cowbird	eggs.	Future	work	on	egg	recogni-
tion	will	benefit	 from	utilizing	a	 range	of	model	eggs	varying	continuously	 in	back-
ground	 color,	 maculation	 patterning,	 and	 size	 in	 combination	 with	 avian	 visual	
modeling,	rather	than	using	model	eggs	which	vary	only	discretely.
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1  | INTRODUCTION












































&	 Parker,	 2015)	 of	 Rothstein’s	 (1982)	 experimental	 methods,	 com-
bined	data	from	our	experiments	with	those	of	Rothstein	(1982),	and	
analyzed	 which	 egg	 features	 predict	 robin	 egg	 rejection	 responses	




2.1 | Data and model eggs
We	extracted	the	published	model-	type	level	egg	rejection	data	from	
Rothstein	 (1982)	 of	 robins’	 responses	 to	 various	 experimental	 eggs	
placed	 into	 their	 nests	 (for	 data	 source:	 see	 Rothstein,	 1982;	 fig.	
3)	 to	 combine	with	our	own	data	 (for	 data,	 see	Table	 S1).	Artificial	
model	 eggs	of	 both	 studies	were	 specifically	 designed	 to	 represent	
a	 discrete	 spectrum	 of	 egg	 sizes,	 background	 colors,	 and	 macula-
tion	 pattern	 combinations	 ranging	 in	 appearance	 from	 a	 robin	 egg	
to	a	cowbird	egg	(Figure	1).	We	recoded	and	binned	model	egg	data	
from	Rothstein	 (1982)	 as	 follows	 (original	 coding	 indicated	by	R′82 
subscript):	W(R′82)	=	white/beige,	cowbird-	mimetic	background	color;	












3.4	g,	 21	×	16	mm)	 and	 robin	 eggs	 (4.2–8.4	g,	 31	×	21	mm).	 Model	
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2.2 | Subjects and study areas
Robins	 are	 a	 rejecter	 host	 species	 of	 cowbirds	 (Rothstein,	 1975a);	
robin	populations	sympatric	with	cowbirds	reject	about	100%	of	nat-
ural	 cowbird	 eggs	 that	 are	 deposited	 into	 their	 nests	 (Briskie	 et	al.,	
1992).	 Rothstein	 (1982)	 tested	 nesting	 robins	 in	 Connecticut	 and	
Michigan,	USA,	between	the	years	of	1966	and	70	(N	=	93	total	para-
sitism	trials).	We	conducted	a	total	of	N	=	125	experimental	parasitism	




parasitism	 data	 from	 all	 populations	 of	 robins	 studied	 by	Rothstein	
(1982)	 and	 this	 study	 are	 comparable	 because	 cowbirds	 have	been	
sympatric	with	 robins	across	all	 locations	where	artificial	 parasitism	













For	 our	 own	 experiments,	we	 followed	 the	 experimental	 brood	
parasitism	 methods	 of	 Igic	 et	al.	 (2015).	 In	 brief,	 a	 model	 egg	 was	
placed	into	an	active	robin	nest	(i.e.,	nest	containing	one	or	more	eggs)	
found	in	either	the	laying	or	incubating	stage.	Unlike	Rothstein	(1982),	
we	 did	 not	 remove	 a	 single	 robin	 egg	 from	 the	 nest	 and	 replace	 it	
with	an	experimental	model	egg,	because	the	removal	of	natural	robin	
eggs	from	the	nest	does	not	affect	robins’	 responses	to	model	eggs	
placed	 in	 the	nest	 (Briskie	 et	al.,	 1992).	 Furthermore,	 cowbirds	may	
not	always	remove	a	host	egg	before	or	after	parasitizing	a	nest	(Scott,	




were	 recorded	 as	 rejections	 if	 the	model	 egg	disappeared	 from	 the	
nest	within	5	days	 from	the	day	 it	was	 inserted	 into	the	nest.	 If	 the	
model	 egg	 remained	 in	 the	 nest	 after	 5	days,	 the	 robin’s	 response	
was	recorded	as	an	acceptance.	 If	 the	nest	was	deemed	abandoned	
(or	deserted),	eggs	 in	 the	nest	hatched,	or	 the	nest	was	depredated	
during	the	experimental	period,	the	experimental	trial	was	ended	and	
excluded	 from	 the	analyses.	For	 a	more	detailed	explanation	of	our	
experimental	 parasitism	 procedures	 on	 robins	 using	 plaster	 of	 Paris	














Initially,	 to	 assess	 whether	 combining	 of	 our	 own	 data	 with	










which	 accounted	 for	 variation	 in	 robins’	 rejection	 behaviors	 across	
the	two	studies	by	setting	study	ID	as	a	random	effect.	For	our	global	
GLMM,	the	binary	response	variable	was	the	rejection/acceptance	of	
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in	robins’	responses	attributable	to	study	ID	by	including	study	ID	as	a	
random	effect	in	our	final	set	of	GLMMs.
3.2 | Rejection responses toward specific model 
egg treatments
Model	eggs	with	features	resembling	those	of	natural	brown-	headed	





log-	odds:	 −3.80,	 95%	 CI	=	[−5.62,	 −1.98])	 and	 maculation	 (im-
maculate	vs.	 spotted	 log-	odds:	3.4,	95%	CI	=	[1.66,	5.15]),	but	also	
by	 model	 egg	 size	 (large	 vs.	 small	 log-	odds:	 2.23,	 95%	 CI	=	[0.70,	
3.77])	 (Tables	1	 and	2).	 The	 effect	 of	 robin	 (large)	 versus	 cowbird-	
sized	(small)	eggs	was	different	for	beige	versus	blue	eggs	(interac-
tion	between	egg	size	and	background	color,	 log-	odds:	−3.33,	95%	
CI	=	[−5.89,	 −0.77];	 Figure	2).	 The	 effect	 of	model	 egg	maculation	
on	rejection	probability	did	not	vary	between	the	two	egg	sizes	(in-





4.1 | American robins’ responses to egg background 





appearance	 by	 at	 least	 two	 features	 (Table	2	 and	Figure	2).	 Results	




tion	 responses	 (Tables	1	 and	 2);	 consistent	with	 Rothstein’s	 (1982)	
conclusion	that	robins	may	have	a	“tolerance”	for	eggs	which	vary	in	
color	or	size	alone,	but	will	predictably	reject	model	eggs	which	differ	













df logLik AICc ∆i wiColor Maculation Size
Color ×  
maculation




Color × maculation  
× size
1 + + + + 7 −83.51 181.55 0 0.48
2 + + + + + 8 −82.79 182.27 0.72 0.33
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pearance	 in	background	color,	maculation,	or	 size	alone	were	 re-
jected	 at	 considerable	 rates	 compared	 to	 the	 complete	 absence	
of	 rejection	 responses	 toward	 completely	 robin-	mimetic	 control	
model	 eggs	used	 for	our	own	experiments	 (Figures	2	 and	3,	LM).	
Maculated	model	eggs	increased	rejection	to	68%	(Figure	2,	LMS),	
model	 eggs	with	background	 color	 resembling	 cowbird	 egg	 color	
increased	rejection	to	37%	(Figure	2,	LB),	and	small	cowbird-	sized	
model	eggs	 increased	rejection	 to	16%	 (Figure	2,	SM).	The	great-
est	 difference	 between	 robins’	 responses	 to	 model	 eggs	 within	
a	 replicated	 treatment	 used	 by	 this	 study	 and	 that	 of	 Rothstein	
(1982)	was	 for	 large	 cowbird-	colored	model	 eggs:	 37%	 rejection	
in	 this	 study	 and	 0%	 rejection	 in	 Rothstein’s	 (1982)	 (combined	




sibly	 the	smaller	 sample	size	 (n = 8)	 for	 this	model	egg	 treatment	
in	Rothstein	(1982)	(Figure	3,	egg	treatment	LB).	Rothstein	(1982)	
used	white	paint,	chosen	using	Munsell	color	chips	(Munsell,	1965),	
to	 simulate	 natural	 cowbird	 egg	 background	 color,	 whereas	 we	
used	beige	paint	that	generally	matches	natural	cowbird	egg	back-
ground	 avian-visible	 reflectance	 spectra	 (see	 Croston	 &	 Hauber,	
2014	“BHCO	ground”	for	details).




that	 robins	 do	 have	 substantial	 specificity	 in	 their	 egg	 recognition	
thresholds	toward	an	intolerance	of	cowbird	eggs.	Hanley	et	al.	(2017)	
demonstrated	robins’	rejection	decisions	are	fine-	tuned	to	the	gradi-
ent	 of	 natural	 egg	 colors,	 but	 robins	 ignore	 perceivable	 differences	
along	artificial	color	gradients,	a	finding	inconsistent	with	the	internal	
“own	egg	versus	 foreign	egg”	 template	 (or	multiple	 threshold,	 sensu	
Hanley	 et	al.,	 2017)	 hypothesis.	 Similarly,	 Dainson,	 Hauber,	 López,	
Grim,	and	Hanley	(2017)	also	found	that	robin	egg	rejection	responses	
to	 egg	 spot	 coloration	 are	 likely	 tuned	 to	 a	 gradient	 of	 natural	 egg	
color	patterns,	where	 robins	are	more	 inclined	 to	 reject	model	eggs	
that	have	highly	contrasting	brown	spots	against	a	mimetic	blue-	green	
robin	egg	background	color.
In	 summary,	 Rothstein’s	 (1982)	 benchmark	 study	 set	 the	 stan-









Percent of candidate 
models containing 
variable
Intercept 1.53	(0.61,	2.45) — —
Color	(beige	→	blue-	green) −3.80 (−5.62, −1.98) 1.00 75
Maculation	
(immaculate	→	spotted)
3.40 (1.66, 5.15) 1.00 75
Size	 
(large	robin	→	small	cowbird)
2.23 (0.70, 3.77) 1.00 75
Color	×	size −3.33 (−5.89, −0.77) 0.88 25
Maculation	×	size −0.45	(−3.60,	0.91) 0.41 25
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many	different	avian	brood	parasite–host	species	(de	la	Colina,	et	al.,	
2012;	Croston	&	Hauber,	 2014;	 López-	de-	Hierro	&	Moreno-	Rueda,	




eggs	 (Cassey,	 et	 al.,	 2008;	Hauber	et	al.,	 2015;	Moskát	 et	al.,	 2008;	
Spottiswoode	&	Stevens,	2010).
4.3 | Future directions for egg recognition research
Here,	 we	 confirmed	 that	 discrete,	 categorical	 differences	 in	 egg	
background	 color,	maculation,	 and	 size	 are	 all	 important	 cues	 for	
foreign	egg	recognition	in	robins.	However,	recent	experimental	ap-








of	 interest	 for	 each	 model	 egg	 feature.	 Thus,	 they	 may	 provide	
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